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Abstract of JP7193015 

PURPOSE: To control dopant gas flow, 
independently of a processing gas by forming fluid 
paths which respectively open in an inside wall or 
around the inside wall to form a fluid mixing zone, 
such that the fluid moving along a fluid path does 
not mix with another fluid moving along another 
fluid path, before the fluid reaches the fluid-mixing 
zone. CONSTITUTION: A connector 102 and an 
interface 106 have upper and lower fluid paths 
formed therein. The upper and lower fluid paths 
have an elliptical cross section. A diffusion plate 
104 includes upper and lower arrays of elliptical 
holes 1 12. As the plate 104 is positioned between a 
cap 102 and the interface 106, the upper and lower 
arrays of holes 112 respectively correspond to the 
upper and lower fluid paths. The diffusion plate 104 
breaks gas flows in the respective upper and paths, 
and substantially forms layered flow in the interface 
106. 
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Description of corresponding document: EP0637058 

This invention relates to semiconductor processing apparatus and, more particularly to a method and 
apparatus of supplying two different processing gases to a semiconductor wafer processing chamber 

Present day equipment for the semiconductor industry is moving toward single substrate processing 
because processing chambers can be made smaller and processing can be better controlled. Further, 
modern semiconductor vacuum processing systems have been developed to carry out more than one 
processing step on a substrate without removing the substrate from a vacuum environment. The use « 
vacuum systems results in a reduced number of particulates that contaminate the surface of the wafe: 
during processing, thereby improving the device yield. 

A typical example of a modem CVD processing apparatus is shown in Fig. 1 . In this figure a single 
substrate reactor 10 is shown to include a top 12, side walls 14 and a lower portion 16 that together c 
a chamber 1 8 into which a single substrate, such as a silicon wafer 20, can be loaded. The wafer 20 i 
mounted on a susceptor 22 that can be rotated by a drive 23 to provide a time averaged environment 
wafer 20 that is cylindrically symmetric. 

A preheat ring 24 is supported in the chamber 18 and surrounds the susceptor 22. The wafer 20 and 1 
preheat ring 24 are heated by light from a plurality of high intensity lamps, schematically indicated i 
mounted outside of the reactor 10. The top 12 and lower portion 16 of the reactor 10 are typically mi 
from clear quartz which is transparent to the light from lamps 26. Quartz is generally used to make u 
top 12 and lower portion 16 because it is transparent to light of both visible and IR frequencies; it ex 
a relatively high structural strength; and because it is chemically stable in the process environment o 
chamber. 

During the deposition process, processing gas (whether reactant or dopant) is supplied to the interior 
chamber 18 from an exterior source, schematically represented by two tanks 28. The gas flows from 
gas supply 28 along a gas supply line 30 and into the chamber 18 via a gas inlet port 32. From the pc 
the gas flows across the preheat ring 24 where it heats up, across the susceptor 22 and wafer 20 in th 
direction of the arrows 34 to be evacuated from the chamber 18 through evacuation port 36. The dor 
shape of the flow profile of the gases is laminar from the gas input port 32 and across the preheat rin 
and the wafer 20 to the exhaust port 36 even though the rotation of the wafer 20 and thermal gradien 
caused by the heat from the lamps 26 do affect the flow profile slightly. 

The above described CVD processing chamber can accommodate a number of different processes cz 
place. Each process differs depending on the desired end result and has different considerations asso 
therewith. 

In the polysilicon deposition process, doped or undoped silicon layers are typically deposited onto tt 
wafer using processes such as low pressure chemical vapor deposition (CVD). In this process a read 
gas mixture including a source of silicon (such as silane, disilane, dichlorosilane, trichiorosilane or s 
tetrachloride) and optionally a dopant gas (such as phosphine, arsine, or diborane) is heated and pass 
over the wafer to deposit a silicon film on its surface. In some instances a non-reactant, carrier gas si 
hydrogen, is also injected into the processing chamber together with either or both of the reactant or 
gases. In this process, the crystallographic nature of the deposited silicon depends upon the temperat 
deposition.At low reaction temperatures, the deposited silicon is mostly amorphous; when higher 
deposition temperatures are employed, a mixture of amorphous silicon and polysilicon or polysilicoi 
will be deposited. 

One problem with the doped polysilicon deposition is that the temperature dependence of dopant 
incorporation is opposite to the temperature dependence of the polysilicon deposition rate. This is be 
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adjusting the temperature to obtain thickness uniformity in the polysilicon layer produces a non-unif 
dopant incorporation. This is because the dopant gas has, in the past, been incorporated into the proc 
gas before it is injected into the chamber. There is therefore no control of the dopant gas flow indepe 
of the flow of the Silicon species processing gas. 

In another process, the nitride deposition process, a stream of reactant gas, which is a mixture of anu 
(NH3) and any one of the various silane species, is injected into the chamber. These two gases react 
room temperature to produce small crystals. In the arrangement shown in Fig. 1 the gas storage 28 is 
shown to include two tanks, both of which feed into a single supply line 30. If these tanks contained 
ammonia and silane respectively, and the line 30 were at room temperature, this reaction would occi 
particles would form along the entire length of the supply line 30 and within the manifold 32. These 
particles are undesirable as they are a source of contamination in the chamber 1 8 and their existence 
therefore be eliminated. 

In addition, it has been found that some reactant gases pass through the gap between the preheat ring 
and the susceptor 22. This causes deposition on the back side of the susceptor 22 and on some of the 
components in the lower portion of the chamber 18. Such deposition is both wasteful and undesirabl 
requires additional cleaning to remove. 

Accordingly a need has arisen for a system of supplying reactant/dopant gases to a semiconductor 
processing chamber which overcomes these different problems. 

Briefly this invention provides for a system for supplying processing fluid to a substrate processing 
apparatus having walls, the inner surfaces of which define a processing chamber in which a substrate 
supporting susceptor is located. The system consists of a number of fluid storages each which stores 
separate processing fluid; at least two fluid conduits along which processing fluid flows from the flu 
storages to the processing apparatus; and a fluid inlet which connects the fluid conduits to the proces 
chamber. The inlet has a separate fluid passage, corresponding to each of the fluid conduits, formed 
it. Each fluid passage opens at or near an inner surface of a wall to together define a fluid mixing zoi 
that fluid moving along one fluid passage is prevented from mixing with fluid moving along any oth 
passage until reaching the mixing zone. 

Typically at least two of the fluid passages are vertically displaced from one another to, at least parti 
define upper and lower fluid flow paths. The fluid inlet may include a mixing cavity formed at or ne 
inner surface of the wall so that the mixing zone is defined by the boundaries of the mixing cavity. 1 
mixing cavity may be a generally vertical channel disposed between the upper and lower fluid flow ] 

Alternatively the chamber can be divided into an upper and a lower portion by the susceptor and the 
and lower fluid flow paths arranged respectively to open into the upper and lower portions of the ch* 
In this arrangement the chamber typically includes a susceptor circumscribing preheat ring which de 
an annulus between it an the susceptor. The lower fluid flow path would include the annulus and, in 
operation, processing fluid passing into the lower portion of the chamber will pass through this annu 
mix with processing fluid in the upper portion of the chamber. 

The details and advantages of the present invention will no doubt become apparent to those skilled ii 
art after having read the following detailed description of the preferred embodiments which is illustr 
the several figures of the drawing. 

In the accompanying drawing: 

Fig. 1 is a cross section of a prior art CVD semiconductor wafer processing chamber; 

Fig. 2 is a cross section through the gas inlet manifold of one embodiment of the invention; 

Fig. 3 is a plan view of a portion of a CVD processing chamber illustrating some of the components 

manifold of Fig. 2; 

Fig. 4 is a pictorial exploded view showing some of the components of the manifold of Fig. 2; 
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Figs. 5(a) to 5(e) are cross sections of alternative embodiments to the manifold illustrated in Fig. 2; 
Fig. 6 is a figure similar to that in Fig. 1 but showing schematically how gases can be supplied to the 
chamber to reduce back side wafer deposition; 

Fig. 7 is a plan view similar to that in Fig. 3 showing how the manifold can be divided to make allov 
for different types of gas supply; and 

Fig. 8 is a schematic flow diagram showing how different mixtures of gases can be regulated and su] 
to an epitaxial deposition chamber. 

Referring jointly to Figs. 2, 3 and 4, the improved gas inlet manifold, generally indicated as 100 of tl 
invention can be seen. The manifold 100 is shown in Fig. 2 and 3 as connected to the side wall 14 
(constituted by upper and lower clamp rings 40, 42 and a base ring 44) of a semiconductor processin 
apparatus 18. 

In all three of these figures the manifold 100 is shown to include a connector cap 102, a diffuser plat 
and an interface 106. The connector 102 and the interface 106 have upper and lower fluid passages 1 
110 formed therein. As is apparent from Fig. 4, these upper and lower fluid passageways are oblate i 
cross-section. The diffuser plate 104 on the other hand has an upper and a lower row of circular hole 
formed therein. When the plate 104 is in position between the cap 102 and the interface 106, the upp 
lower rows of holes 112 correspond respectively to the upper and lower fluid passages 108, 110. Th< 
function of these holes will be described further below. 

The connector cap 102 is connected to a plurality of upper and lower gas conduits 114, 116. These 
conduits 114, 116 are, in turn, part of gas supply system (not shown) and serve to transport processii 
gases from a gas supply to the chamber 18. Along the inside wall of the chamber 18 a circular quark 
1 19 is disposed. In the vicinity of the manifold 100, the quartz ring has an upper gas and lower gas 
passageways 120, 122 formed therein. These upper and lower gas passageways 120, 122 are aligned 
communicate directly with the gas passageways 108, 110 formed in the interface 106. In the body oi 
quartz ring the lower gas passageway 122 is connected to the upper gas passageway 120 by means o 
vertically disposed slot 124 which, when viewed in plan, defines an arc. 

In operation, processing gas is supplied to the manifold 100 by means of conduits 114, 116. These g; 
are kept separate and flow respectively along upper and lower conduits 108, 1 10. As the gases are sv 
from individual gas pipes 114, 1 16 to the upper and lower conduits 108, 110, individual streams of g 
each relating to one of the conduits 114, 116, occur in the connector cap 102. 

These gases bank up against the up-stream side of the diffuser plate 104 and pass through the holes 1 
formed therein. As a result of the diffuser plate, the gas streams respectively found in the upper and [ 
conduits 108, 1 10 are broken down and form a substantially laminar flow of gas in the interface 106 
the gas in the lower conduit 110 reaches the quartz ring 1 18 it moves along the lower gas path 122 a 
the vertically disposed slot 124 to meet and mix with the gas in the upper conduit 108. At this point 1 
has been heated to some extent by the quartz ring 118 which, in turn, has been heated by the lamps. . 
result of this arrangement, the gas is preheated before mixing occurs and undesirable crystals do not 
form.This mixture of gas is then able to move in a substantially laminar pattern across the preheat rii 
the susceptor 22 and the wafer 20 to be exhausted through the exhaust 36. 

As can be seen from Figs. 3 and 4 the interface 106 has a flat upstream face 130 and a curved downs 
face 132. This allows the interface 106 to provide a gas flow path between the flat faced connector c 
and diffuser plate 104 on the one hand and the circular quartz ring 1 19 on the other hand. In additior 
2 and 4 show that the diffuser plate 104 fits into a recess 134 formed in the connector cap 102. As a : 
of this configuration, the interface 106, which is typically made of quartz, abuts against both the diff 
plate 104 and the connector cap 102. 

In Figs. 5a-5e different configurations of channels, generally indicated as 140 are shown formed in t 
quartz ring 119. These channels 140 all serve approximately the same function as the channels 120, 
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shown in Fig. 2 and these figures serve to illustrate a number of different configurations of channels 
can be used to allow the mixing of the gases to occur as close as possible to the interior face of the q 
ring 118. Apart from the different configurations of the channels 140, all the other components sho\* 
Figs. 5a-5e are identical to or similar to corresponding components illustrated in Figs. 2 through 4. 
Accordingly, they have been given like reference numerals. 



The embodiments illustrated in these Figures 2 to 5 therefore provide a solution to the problem of ga 
reacting spontaneously in the supply conduits and inlet manifold in the nitride deposition process de; 
above. It will be understood that the principles illustrated in these figures could be applied to procesj 
other than the nitride deposition process. 

A different embodiment of the invention is illustrated in Fig. 6. This figure shows a typical CVD 
deposition chamber generally indicated as 210. As with the prior art deposition chamber 10 indicate 
Fig. 1, the apparatus includes a top 12, side walls 14 and lower portion 16 which together define a 
processing chamber 218. Inside the chamber 218 a semiconductor wafer 20 is supported on a suscep 
A susceptor circumscribing preheat ring 24 is also shown. Processing gases are input from different 
sources (not shown) into the chamber 218 by way of input manifold 232 and are exhausted from the 
chamber by means of exhaust port 36. For clarity the heater lamps and other components of the appg 
are not illustrated. 



As is apparent from this figure the preheat ring 24 and the susceptor 22 divide the chamber 218 into 
upper and lower zone 218a and 218b respectively. 

This embodiment of the invention can also be used to combat the undesirable reaction between amm 
and silicon species gases in the nitride deposition process. This can be done by injecting each gas frc 
different source separately into one of the upper or lower portion of the chamber 218 respectively th 
upper and lower passageways 232a and 232b. This means that the gases do not mix until they are ful 
inside the chamber 218. 



For example, the silicon species gas can be injected into the upper zone 21 8a whilst the ammonia ba 
gas can be input into the lower zone 21 8b. If the ammonia input into the lower zone 21 8b is at a slig 
higher pressure than the silicon species gas input into the upper zone 218a, the ammonia gas will flo 
the direction indicated by arrows 222) from the lower zone to the upper zone by way of the slit betw 
preheat ring 24 and the susceptor 22 in the direction of the arrows 220. Thus both the ammonia gas i 
silicon gas are heated within the chamber before they come into contact with one another. Furthermc 
mixing of the gases occurs at or close to the wafer and unwanted particle formation is reduced. 

This configuration also has the advantage that the gas moving through the slit between the preheat ri 
and the susceptor 22 prevents gases from moving from the upper zone 218a to the lower zone 218b. 
restricts the amount of deposition that occurs on the back side of the susceptor 22 and the other 
components within the lower zone 218b of the processing apparatus 210. It is important to restrict 
deposition on the back side of the susceptor as it may adversely affect temperature measurements (u: 
done by means of an external pyrometer) which, in turn, will adversely affect processing of the wafe 
Deposition on the other components in the lower zone 218b is undesirable as it could lead to particle 
generation if not removed. In addition, wafer transfer occurs in this lower zone 218b and substantial 
particle generation could adversely affect the moving parts in this zone. 

This embodiment of the invention also has the advantage that it can be used to reduce the problem (2 
described above) associated with doped polysilicon deposition. As will be recalled, the temperature 
dependence of dopant incorporation is opposite to the temperature dependence of the polysilicon 
deposition rate. This embodiment provides the flexibility of inputing the dopant gas into the lower z< 
218b and being able to independently control its flow. Therefore an additional and independent sour- 
control over dopant incorporation can be achieved. 

The embodiment of Figure 6 can be used in conjunction with a further system of improving the cont 
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different types of gases flowing into to the processing chamber as illustrated in Figs. 7 and 8. These 
show only the interfacing connector 306, portions of the processing apparatus, the wafer 20, suscepfc 
preheat ring 24 and gas outlet port 36. Figure 7 shows only the portion of the gas inlet manifold 332 
supplies the gas to the upper zone of the processing chamber and Figure 8 schematically represents z 
control system. 

The interfacing connector 306 is shown to be constituted by a central zone 308 and an outside zone • 
According to this embodiment of the invention and as further illustrated in Fig. 8, the composition o: 
gas which flows into the central zone 308 can be controlled independently of the composition of the 
which flows into the outside zones 3 10. In addition, the flow rate of the gas to either of the two halvi 
308a, 308b of the central zone can further be controlled independently from one another. This provu 
degrees of control for the gas flow system for the purpose of controlling the composition of any laye 
deposited on the semiconductor wafer 20. In addition, the chamber heating system provides the third 
control variable (i.e., temperature). As in the past, the susceptor 22 can be rotated to improve the 
uniformity of the deposition on the wafer 20. 

Turning now to the diagram in Fig. 8, it can be seen that a gas containing silicon, together with a hy< 
carrier gas are fed to the chamber 318 from containers 302, 304 by means of independent mass flow 
controllers 303, 305. This gas mixture flow through two bellows metering valves 311,312 which op 
as variable restricters and apportion the main flow of silicon bearing gas between the center and out€ 
zones 308, 310 respectively. In addition, a gas which is a dopant source (such as diborane diluted in 
hydrogen) is fed from storage 314 into two different mass flow controllers 316, 320 and then metere 
the silicon source downstream of the bellowing metering valves 311,312. 

As a result of this configuration, separate control of the dopant gas concentration flowing into the ce 
zone and the outer zone 308, 310 respectively can be achieved. 

Although the present invention has been described above in terms of specific embodiments, it is 
anticipated that alterations and modifications thereof will no doubt become apparent to those skilled 
art. It is therefore intended that the following claims be interpreted as covering all such alterations ai 
modifications as fall within the true spirit and scope of the invention. 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: EP0637058 

1 . A system for supplying processing fluid to a substrate processing apparatus having walls, the inne 
surfaces of which define a processing chamber in which a substrate supporting susceptor is located, 
system comprising: 

(a) a plurality of fluid storages each for storing a separate processing fluid; 

(b) at least two fluid conduits for transporting processing fluid from the fluid storages to the processi 
apparatus; and 

(c) a fluid inlet, disposed between the fluid conduits and the processing chamber, and including at le 
separate fluid passages, one connected to each of the at least two fluid conduits, each opening at or r 
inner surface of a wall to define a fluid mixing zone, whereby fluid moving along one fluid passage : 
prevented from mixing with fluid moving along any other passage until reaching the mixing zone. 

2. A system for supplying processing fluid as recited in claim 1 , wherein at least two of the fluid pass 
are vertically displaced from one another to, at least partially, define upper and lower fluid flow path 

3. A system for supplying processing fluid as recited in claim 2, wherein the fluid inlet includes a mi 
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cavity formed at or near the inner surface of the wall and wherein the mixing zone is defined by the 
boundaries of the mixing cavity. 

4. A system for supplying processing fluid as recited in claim 3, wherein the mixing cavity is a gene: 
vertical channel disposed between the upper and lower fluid flow paths. 

5. A system for supplying processing fluid as recited in any of claims 2 to 4, wherein the fluid inlet fi 
includes a connector for connecting the fluid conduits to the processing apparatus and an interface w 
in operation, is located between the connector and the chamber. 

6. A system for supplying processing fluid as recited in claim 5, wherein the fluid inlet further comp 
diffuser plate which, in use, is located between the connector and the interface, the diffuser plate ha\ 
plurality of groups of apertures formed therein, each group of apertures being arranged to corresponc 
fluid passage. 

7. A system for supplying processing fluid as recited in any of claims 2 to 6, wherein the chamber is 
divided into an upper and a lower portion by the susceptor, and wherein the upper and lower fluid fl( 
paths are arranged respectively to open into the upper and lower portions of the chamber. 

8. A system for supplying processing fluid as recited in claim 7, wherein the chamber includes a susi 
circumscribing ring which defines an annulus between itself and the susceptor and wherein the lowe 
flow path includes the annulus, whereby processing fluid passing into the lower portion of the chaml 
able to pass through this annulus to mix with processing fluid in the upper portion of the chamber. 

9. A system for supplying a mixture of processing fluid to a substrate processing apparatus having w; 
the inner surfaces of which define a processing chamber in which a substrate supporting susceptor is 
located, the system comprising: 

(a) a reactant fluid storage for storing a reactant fluid therein; 

(b) a dopant fluid storage for storing a dopant fluid therein; 

(c) at least two reactant fluid conduits for transporting reactant fluid from the reactant fluid storage t» 
processing apparatus; 

(d) at least two dopant fluid conduits for transporting dopant fluid from the dopant fluid storage to tfc 
processing apparatus; 

(e) a fluid inlet, disposed between the fluid conduits and the processing chamber, and including at le 
first and a second fluid passage, each in communication with at least one dopant and at least one rea< 
fluid conduit; and 

(f) a fluid control system for controlling the flows of reactant and dopant fluids to the fluid inlet, wh< 
the flow of reactant and dopant fluids to a single fluid passage can be controlled independently of ea 
other. 



10. A system for supplying a mixture of processing fluid to a substrate processing apparatus as recite 
claim 9, wherein the flow of reactant and dopant fluids to one fluid passage can be controlled 
independently of the flow of reactant and dopant fluid to any other fluid passage. 

1 1 .A system for supplying a mixture of processing fluid to a substrate processing apparatus as recite 
claim 9 or claim 10, wherein each fluid passage opens at or near an inner surface of a wall to define 
mixing zone, whereby fluid moving along one fluid passage is prevented from mixing with fluid mo 
along any other passage until reaching the mixing zone. 

12. A system for supplying processing fluid as recited in any of claims 9 to 11, wherein the chamber 
divided into an upper and a lower portion by the susceptor, and wherein the at least one fluid passag( 
arranged to open into the upper portion and at least one passage is arranged to open into the lower p( 
of the chamber. 
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13. A system for supplying processing fluid as recited in claim 12, wherein the chamber includes a 
susceptor circumscribing ring which defines an annulus between itself and the susceptor, whereby 
processing fluid passing into the lower portion of the chamber is able to pass through the annulus to 
with processing fluid in the upper portion of the chamber. 

14. A method for supplying processing fluid to a substrate processing apparatus having walls, the inn 
surfaces of which define a processing chamber in which a substrate supporting susceptor is located, 
method comprising the steps of: 

(a) separately transporting processing fluid from at least a first and a second independent fluid storaj 
the processing apparatus; and 

(b) providing a fluid inlet through which processing fluid can flow into the processing chamber, the : 
including at least a first and a second separate fluid passage, each opening at or near an inner surface 
wall; 

(c) causing fluid from the first fluid storage to flow through the first fluid passage and fluid from the 
second fluid storage to flow through the second fluid passage, whereby mixing of the fluid from the 
and second fluid storages is prevented during passage along the passage; and 

(d) allowing fluid flowing through the first fluid passage to mix with fluid flowing along the second 
passage in a region at or close to the inner surface of a wall of the processing apparatus. 



15. A method of supplying processing fluid as recited in claim 14, further comprising the step of cau 
the fluid flowing along the first passage to reach the mixing region at a point vertically displaced fro 
point at which fluid flowing along the second fluid passage reaches the mixing zone whereby upper 
lower fluid flow paths are defined. 

16. A method of supplying processing fluid as recited in claim 14 or claim 15, wherein the chamber 
divided into an upper and a lower portion by the susceptor, further comprising the step of arranging 
upper and lower fluid flow paths respectively to open into the upper and lower portions of the chaml 

17. A method of supplying processing fluid as recited in claim 16, wherein the chamber includes a 
susceptor circumscribing ring which defines an annulus between itself and the susceptor, the method 
further comprising the step of causing processing fluid to pass from the lower portion of the chambe 
through the annulus to mix with processing fluid in the upper portion of the chamber. 

18. A method of supplying a mixture of processing fluid to a substrate processing apparatus as recite 
any of claims 14 to 17, further comprising the step of raising the temperature of the processing fluid 
passes along the passages. 

19. A method of supplying a mixture of processing fluid to a substrate processing apparatus walls, th 
surfaces of which define a processing chamber in which a substrate supporting susceptor is located, 
method comprising the steps of: 

(a) providing a reactant fluid storage for storing a reactant fluid therein; 

(b) providing a dopant fluid storage for storing a dopant fluid therein; 

(c) providing at least two reactant fluid conduits for transporting reactant fluid from the reactant flui< 
storage to the processing apparatus; 

(d) providing at least two dopant fluid conduits for transporting dopant fluid from the dopant fluid st 
to the processing apparatus; 

(e) disposing a fluid inlet between the fluid conduits and the processing chamber, the inlet including 
least a first and a second fluid passage, each being in communication with at least one dopant and at 
one reactant fluid conduit; and 

(f) controlling the flow of reactant fluid to one fluid passage independently of the flow of dopant flu: 
that passage. 
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20. A method for supplying a mixture of processing fluid to a substrate processing apparatus as recit 
claim 19, further comprising the step of controlling the flow of reactant and dopant fluids to one flui 
passage independently of the flow of reactant and dopant fluid to any other fluid passage. 

Data supplied from the esp@cenet database - Worldwide 
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[||#B4] ±iejg^+rtfx-<*^ ±T8£#8t8© 
®->XrA. 

J12f5«©->X'5 L A. 

KttttSn. ±f2±T8S*«ES8^5 L ¥ >/W>±Tfflzm 
Z X » 5 <k 5 # * E S S n -5 a 2 IB « © -> X t- 
A. 

usceptor circumscribing ring) -€-tl§{fc«!:± 
E-y-fe^«t<OffllclBSH^L, TgB©&5#S&K*tSi£ 

■f -51(1*^ 7 g2$s©->X^A. 

gBC&agS#©K^£«jrr*S'XxA-<?<&-3T. 

( a) Ej£&«8#£fl?Jg-r*EiS&8S#X r- U— ^, 

(b) Kwt>h«**^T*rWt>h**;*hU 
(c) 

(C«&£T *>4>fc < <h *> 2 0©E£fl-8E#'gg&. 



(2) ft@8¥7-l 9 3 0 1 5 

2 

(d) F-A>h«Sfls:SrF-A>hSS#;XhU-i7*^ 

$aagat::t&aT£><i>&< tt> 2 n-/t> 

2S. (e) SSE^Ktfflg^vWCtCDWicEB^n. 
'>ft<,t*>Iil&tfSil2S&#aK£^ &*#4>fc< 
t 1 o© F-A > F8S#WKRtW>fc <it)l^>©I 

fe&ffi#<g®i:mcT^z>m#Ao. xt; (f) 

20 £Sfc©. iS^-Si-X^A. 

1 0 ] H -A 1 > b «Efc© 1 iS# 

SK'v^SSn^K^ttSSft t F-A> F8&#©te©8E# 

!2«©->X'5 L A. 

e-n. < 1 1> 1 o©is#fflssai-t©gi5#K 

P§^T^-5<fc5tcEB£n, ^<£felo©ai»*<T 
©S8#eilV>T^5.fc5tcEB3n5ili*5jl 0|B«© 

n\z&K>^v>noT<omft\z®z&mMm*z.<»m* 

SI 2fa«©->X^A. 

mmm\z$&mm# : £&ttrfz>i)&x$,-ox, (a) ®s 

SS**»3i Lfc2S l 2 iS^X r- 1^-^ SffiJlK 

sicsijfiatc^sif -5ie> (b) mm^mmm^ > 
wzmnzm#Aa&mt> "t0Anwp&<£*>&i 

4a -am 2 m&T, v v-p& $ <Dffi#<z>m&i)mK\z&-D x 
fia-rsraK±$n-5xs, (d) ss^*Biffi#ass 

tf±m&&v->\zMM?z&frc>mmz-rnft&<Dm 
&mmz&\i&&\z%t-3xmrLX^z>mm<mMv. * 

50 [f»*S16] ±g?v>/W±ffi-9-fe^lcJ;r)± 
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3 

Jgl 5 £©©#£. 

[§?#« 1 7 ] ±13^ * >y -y-fe U>if 

m<z\<Dm&mmvT±mT* ^©tsbic^ot? 1 * 
rami 6mm.<D-jim. 

[H*3!19] IStb. M$itD-fe^*iifi3 

nxt^i&a^-v >A£s^rtss#iii»£LT^ss«$a 
ass efflattficc!>B^« &mi&?z,jjm-c$> o T. 

( a) ££ttft#&Jff*1-&E£tt8t#a h W-5>*9 
ft*Xg, (b) F-/'<>h«E#&ffjfc-r-5F-/X>h 
gJ#X h |/-5>*R»sm (c) BLfc&MftZB.fc 
tt&itttX h U-3?*»6«a«BK«ffll'r**a:< <tt>2 
■3©KJSttK#«»«Rtt*ia, (d) K-A>f-«£ 
fr£ F-/t> hift&X h I'-vJ&i&ffiagBlCt&a-f * 
M<tfe2O0 K-A> f-9#«B£f8ft-5Xe, 

(e) «#*»ia3i?-irWti©HIfc««:XPSBB 
U -?-©AP!&t4>fc< tfc9lRtf92 9#:99£-& 
*, £*a<4>ft< £fcl^©FWS>h«£# i g|&&&tf4> 
fc< fct>i:?©£9tt9fWf9fc9i;*:i:e. (f) £ 

9tt9#©«#9»^©9n* f-a> hg&#©*-©ji 

[9#9 2 0 ] KJfcttfiitffcR tf H -/ t > h «E&© 1 9 
#«9^©9n£E£tt9#Rtf F-A> h9#©gij© 

#ai 9ga«©^s. 

[0 0 0 1] 

[«f±oSffl»« *»9tt, ¥9fF9999K:N 
U MtcHWctt, 2 99©*&a:*fX£*M«*:9xAffl 

a^ v >/tc«»r «*tt»wsBKwr*. 

[0 0 0 2] 

A**/hS!IC-r-5 d £**r£a>o99£ «fc 0 99TS £ <h 

2g®asB*tp^$nr#fe. *©j;5fc;g£9B£9 

[0 0 0 3] S£3f5©CVDja31^S©^0il^0nc* 
T. ^©HaiCiSViTtt. ->«J3>«>xA2 0©«fc5fc 

-«c©»fi$»B-r s ctjjtT**^ * >n 1 8 £#ic 

®91,TV>.&±91 2. <SJ9851 4fttfi8;SBl 6£"&tr 
9-5£9V»tttt95£9fiEJt;9l 0iJ^nTV>5. •> 



(3) it*M¥7-l 9 3 0 1 5 

4 

xA2 0tftU~fc:/*2 2±K90ttft&n, H7-f^2 
3*»®CLTntS«l^a!©'>xA2 0*899^-99 

[0 0 0 4] ?flftij>jr2 4«t^¥>rtl8nic3d93 
n. -S-fe^SrHDHA/T^S. >5iA2 OStffKS'J 

s;wic^^nfcig&©^*Aj:v>7 r ©jfeT?i)DSSi^n-5. 

EJfi£ 1 0 ©±9 1 2 -BCamU 1 6 ft. 9*. 9 2 
6©3fcfc»L»9tt©»WB9TT#T»r»*. 5£ft. 

io -fit, «jaatf i RH9ttft©3ttR:awT*o, 99 

3&9*<JttSEW9< Wt©^D-fex99»C^W 
K5fejr?*4fc«>»C, ±88 1 2S.tfi&ffl5l 6&99-T4 

[0 0 0 5] JtfcC/n-tXTft. S&a#X CEO£tt#X 
XttF-A>h#X) **2tJ©*>?2 8T?«5tt<H::3l 

•5. #Xtt, tf*99*>£2 8*&tf;*ft9?'f >3 
0lC»oT^n. #XAP3 2 £^LTft>m 8tC 

as. #xft, Aa3 2*>5, *na«jo9an*^9u 
d. 8*>6»stP3 eicpmans^^w 

©^ftlCS&n*. #Affl±&»l^D7r-fM, #x 
AP3 2«tflf'J>^2 4Rtfi>XA2 0S99D. 9 
ga3 6l:S5ST. >)xA2 0©@gt5>y2 6© 
9fc«t *9«B*»9ti©9ttfct>f 39>K99f S t LT 
t>99T»S. 

[0 0 0 6] ±IB©CVD5aa5 1 Y>A , tt9{6:a*-5^ 
»fcr>&9<©99jWTtan*. ^ffiSftfilf 
M©M9ll£glC«fcoTJIfcO. *nic9oT9*ora« 

[0007] 99as/U3>»«xa»c*nTtt. a 

«,-«£Efl:*»«9* (CVD) ©«fc5fc®a£fflv»T 

9«Sn*. CC^D-feXKfct^Tft, ->'Jn>9 (9 
Aft, ->'J3X J»7>, •^□P->7>, h'Ji'D 

□ ->9>XttB39flS->U3» ©<t-5^:R{£:tt!l-&^X 
RlHS'&IC.fc^TttF-A'^htfx 
>. 7^>X93^9?» SUnSslx. ^xA±S99 
a-&T^©^M»C->'j3>9**«a-&-5. 
40 ft. *90J:5tt*E9tt*irUir^i9«E9ttXttH 

-a> h^xo^-rnA^-sv^ftjR^tftcMa?^ > 
A»caxan-5. c©iaaic*^Tft. 99bfc->U3 

>©^S^W9Stt. «l«(9Strfc*ans. 9Va£9 
99-P99Ufc->ij3>ttiat^^*»fli9ST?*»3, 9 
t»9«9K««9V>6n*»&tt»»*S'U 3 >,!:#Jga 
-> U 3>t©lSXtt*ei-> 'J 3 >99tf993n 
-5. 

[0 0 0 8] H-^n&#MS->'j3>*ai:.t5 1 
^>©»9ft. H-A>h9A©99tt#tt*»*9Sv'U 
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(4) 

5 

fcB**B»T*i:--BTfct* F-/t> HBAftflfei;« 
Tztb-V&Zo EftH &Slc£^TteF^>h;tfxat 

sue lt H-/t> hifxeftn^MwanT^ftvi. 

[0 0 0 9] M0)ffl«> fifcttJfaigKfc^TWU 7 

>^e-T (NHi ) fca*0$/9>flM0i*&aa 
EfiK:fcV>TH *^M/-^2 8B2P(0*>^S 

tt, 8<D«»«T**(OT#Slx<fc:<, ffi 

[0 0 10] JEfc* E«tti!fX#T»U>y2 4t'!Hs 

fc*o, *-fe^2 2©aiwft>/n 8<7>T©ifp 

ca>j:9ftaaaAic7 

[o o 1 1] «eot, ^n^^a^^awi^SEflR-rss 

[0 0 12] 

EasnTViSffla^^wtsHjaELT^aaiajaa* 
Bfc«ia«ff*«i&-rs->xxAft««rst)©T* 

aaBfcan*^ft<i*>2^a>«*Mf», ikhme* 
n tnt:»-3T»«anfcwa©«#aK**u, as 

[0013] a*. tfc2^©«*a»tt, ffls 
a, iTafraanicEBsn&aaaitfty^^^T 

[0 0 14] f t>/ttt#t^T?±T»»fe» 50 



4$5B¥7- 1 9 3 0 1 5 

6 

J:5fcEBSns. *EBfc*5<^Ttt. ^irWttt, a 

©mtasadM-*. T©«0*»a*a**** 
icy* >/toT«fca*«««*3W2ioaftaauT?- 

[0 0 15] 

[MfeM 0 2, 3R»4fc^^T*l:t»nt, * 
10 0t LT^2n&&&;tfXAP^-#-- 

;vFtft«anT^*. fSMign 8<z><bomi 4 

-radsan*) t«a*n*T^*-jn« i o on m 
2M3l:^nT^5, 

[ooi6] saocn^^HT^T^^T, v-* 

h 1 0 4SM>^-7x-Xl o 6^«t^nt 

^s. n*?* i o 2 rim yf-yn-xi o 6ti 

*© + t»«4n36:±T»#a»l 0 8,11 0 *«f 
5. B4«>&H&ft>ftJ:5lC, 2ine<D±T»#ai8 
K. WBOTin(oblate)T?»*. -*©*«^l/-M 
0 411 -totir»jGKanfcn»©^ci l 2<z>±Tfll£ 
*-T«. ^V- h 1 0 y y 1 0 2 M >?-7 

i-X 1 0 6£0B©ffififc**£* ?U12®±T*0 

K±T«*a»i o 8, 1 1 ofcft*»«rr*. ens 

[ooi7] o 2it Wk<o±rfft 

xtBi i 4, i i 6£»«sn*. ^n^otsi i 

4, 11611 ^XMyXfA (B^iirr) O-BBT 
«a#X£#X«H&*>**&y*>/tl 8fc* 

aw* &*£«<. ft>/n8©fiii:»^t, 

<&5£U>£f 1 1 8#EBSn*. T-^HIOO 

&120; i2 2^^r-r^o £n*>£)±T#xa&i 2 

0, 12 2H — Wfc3fctA ^f>^-7x-X 1 0 6 CO 

tt»«4nfcax«i 0 8, 1 1 ota&aircv* 
# xa& 1 2 0 icaafcEB*ftfcjraiTji.fc»&. an 

€»fit«XDy h 1 2 4tCct'pTSiKan5o 
[0 0 18] ffft*, jaa*XttTr:*-;i.H 1 0 01: 

ff»iu t ii6i:t-3T«sw. ensotfx 

BM*lcaaan. &*JbTS&l 0 8, 1 1 0l:iBo 
T»n*. #X#B*<Z>#X/Vf:/1 14,11 6*>S 
±TSB 10 8, 110 fc##Sns©T, <Z)#X 
SHI «*Wf»l 14, H6©l:3teH«U 
^***y:/l 0 2<0*{C*^ o 

[0 0 19] cne^XH ffiS^U-h 1 0 4O± 
KWlCf6j^oT±^D(bank up) , ^OWzMfcHtltz 
Kl 1 2£ffi®-T*o ffia^U-hCDfemtLT, ±T 

ff^io8, iio \z&*&t>nrcXxffi\z&mt£ft* 

<i >9—y3L-7s l 0 6 <D*T^K«tc;tfxcDgiS£jg 
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(5) 

7 

tfL-r*. T©fKl 1 0(D#*rit:5£!j>^i 1 8 ICS! 
D^hl24 IC»^T»»1/T±0*B 1 0 8 T^tf># 

[0 0 2 0] 0 3&I/4^e^>«<t5tC > -T>^-7 
x-X 1 0 6te¥£fr±fflffll 3 0RZft>-7LrcT$l 
I13 2^m Cin^<t0, ^>^-7x-^10 

7 1/- h 1 0 4 £*>5-:#TteF^£>H3£U >^118 
^O^^^X^KM^^^Jltd^^^o MIC 0 2 

>^-7x-x i o 6\tmwizfu—hi o 4&r;3*^ a? 

[0 0 2 1] 05 (a) -5 (e) ICfc^Tte, H&U 

>y 1 1 8 rtc»rtsnfca* 1 4 o t Lx^^n^i 

14 0H t^T02}:^nT^t*JH2O, 

122 tmmmmmv, cnzomtux&ttv 

a^cDEgco^^n 4 0 tttWfc, 0 5 
(a) -5 (e) \Z7KZtlX^Z>m<Dmimtt\Z£X® 30 

[0 0 2 2]ftoT, em^^02-5^$nTVi^ 

sfc<o-e*<5. e:n^<z>H^$nfcSStt, art** 

[0 0 2 3] *»MCO9J(DmB^06^$nS. £ 
CD0te, M«2 1 0 tLT^$n^*SW^CVD«fi9 40 

ft>/^it i bOT*^ 0 1 \z^tsnx^wm 

*©*M©J:5i:, dOggfcLhSSl 2, iiSi4 
Rtf&gSl 6 tn&»4*tffla9 = '^>/t2 1 8 

SHMEUT^S. ft>A2 1 8F^85T«^#^xA 
2 o^-ty^ 2 2±T^$n^o Ifir^^ffi^a* 

u>^2 4^$ntw. fcuitfxte, a**>#«&ss 

(0av£-f) *^SA-7Z*-;VH2 3 2iC£oT^ 



4$BB¥7- 1 9 3 0 1 5 

8 

[0 0 2 4] Z<Dmfrt>Wt>frte£o\Z, ?W)>>f2 
4RW J t7*2 2\$. ^>A2 18*S^±T7- 
>2 1 8 a&tf2 1 8 bfc#WXV»-&. 

[0025] #xncD$oBfl». sftwwm*^ 

»^0»X«a^©««H^6M«fc^>M2 1 8 0 
±T«#<Dl:3fc**J:TH»2 3 2 a»tf2 3 2bS 

[0 0 2 6] S/>j3>ftWX#±fiD i ;-> 
2 l 8 a icSXSns 1 1> 1:7 ^-TS^iTF© 
l/->2 1 8 bl£iSA2n£o T©7->2 1 8b-s<D 
7> : E-7»A»±OV->2 1 8a^y'j3>ftf 

^n7^X^SU >^2 4 tiJ-fe^* 2 2 <h<DfUJ(DX 
»J y hfc±oT5cBi2 2 0©*|ftfcT©7— >*6±© 

7->«c8SEns (*9i2 2 2T?*an**iRjjc) . ep 

7 >t^7^X i y 'J 3 >^X(DIJ ^ft >Aft 

[0 0 2 7] £<DEe(configuration) te, 
U>^2 4tif-fe7^2 2tOBOXU-; h&Iott 
Klt5^X^J:0>/->2 1 8 a^^W->2 1 8 
b'\^X^»U^V><fc'5JcKihT^>^ , b^^o 
ft, 1?-fe7^2 2<D«HRt«&3g|B2 1 0CDT©7- 
>2 1 8 brt©ffiC!)«J56«»T*i;**«*ft«IR-r 

(ffl^asismtt^^^Tff^n^) \zm 

fc, !)xA»iBCOTO!/">2 1 8 bft-efitO. 

[0028] *ah4>*jmi& */t, H-^snft* 
ffflafi^isftSfetfflstSo *^jsct«> t<&7 

->21 8 blCFWX>h#X£SALa^^<D$m£ 

[0 0 2 9] B6 0>«ttflltt. »CH7RW8te»*n 
>^-7x^y>^^^3 0 6, fflgggO-fi?, 
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* 



9 

P3 6C0^UT^S« 0 7te#X£ffi3a3 1 V>Ae>± 

[0 0 3 0] <>^-7x<y>^3^^^3 0 6H 
*5feV->3 0 8ftrW«'/-->3 1 0Tffi/££*U>J: 

c^snsi^i:, 3 o sK^t^n** 

xoffi&tt, ^gg^->3 1 oicsgba,^n^^xcoia 

;^3 0 8 a, 3 0 8 b©^m^0^fX©S5at>ffl 

o \zmm2nzm<D&&zmw?zBm<D&t!$zmm 
m\* 2 gmoMfw&s n*. jsic, ^wtojbbsii 
{Ccto, » 3 (oir sns (ip^ms) • «e 

[0 0 3 1] "T0 8fC£3<h, y'j3>t*39XS 
tf#S**U^#Xtt883 0 2, 3 0 4*6ft>/t 
3 1 8(ia5L^X7D-a>bP-73 0 3, 3 0 

k/w?3 ii,3i 2*^UT«tn, cnsttBjxw 

ffin&&**P$iV-~>RX*ft^J~->3 0 8, 3 1 0tf) 

**T#R*nfcv ? #9>') liXh^3 14*6 2 
iS0VX7n-n>hD-73 1 6, 3 2 0fc«fft£ 
n, <fc^T^DH(ISE/W:/3 11,31 2(&T«<05' 

*v^>Rt«w/->3 08,31 otc& *«ft&tf 

[0 0 3 2] 



[04] 




(6) W7- 1 9 3 0 1 5 

20 

[01] «3Ra*©CVD*»fl:9xA»Hy^>A«) 

[02] *«W©*16«o*XAa^=*--;uH©BifW 

[0 3] H2©vn*-;PH©*fifc«»*SfCVDjffl 
S^ 1 v >/\*co— ggco¥M0o 
i0 [04] 02<ov-^-;i/H©««85»^T»»0. 

[05] ea2fc«anfcvx*-*Hfcjfrew©*Mi 

WGD#rffl0.» 

[06] RltpnolTtW »)iA08I*«$ 
Mlc^T0o 

[07] »ftofca«©»X«l&SflP«r'6J:3fcT=. 
[08] a*®S«#;*iP||*3n. XK**->*JWt 
39 [WORM] 

12-±«, 14»«, 16-* 
g&, 18-?t>/t, 2 0-9IA, 2 2-iHr^, 
2 3-F^-f:/, 24-fSU>^ 26-7>^ 2 
8-#X«$&*>#, SO-^XM^X 3 2 —A 
□ (VZ^-;PH) , 3 6 

10 2«a^^ 1 0 4-tt«:7V-K 10 
6»-f>?-7i-X, 10 8, 110-±T«ftl 
ft. 112-ft, 114, 116-m 118-531 
U>2\ 1 2 0, 1 2 2-±T«m 12 4-XD 
30 S/K 2 1 O-CVDJta^WX, 2 18-filft 
>A\ 3 0 2, 3 0 4-88. 3 0 3, 3 0 5, 3 1 
6, 3 2 0-7X7D-3>hD-7, 3 0 6— 
-7x-fy>^^^ 3 0 8-**y->> 310 
- 3 11, 3 1 2-^D— HS/tJW^ 3 

1 4-XM/-yo 



[06] 
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(8) 4$g8¥7- 1 9 3 0 1 5 



310 




95118, it> /if, *T^;UhJV 7 95130, *> /if, /WDxXh 
^xra- 1483 K^-ftf 4749 

95051, 1t>^ £59. 9Zs?4*- 94588, yi/if>h>, ^xXh 5 

H^-ftf 2308 X 3710 



-86— 



